Aim To determine the factors influencing the distribution of birds in remnants in a fragmented agricultural landscape.
INT RODUCTION
defined fragmentation as the disruption of ecosystem continuity, which is not limited to any scale; but to a large extent the concept of fragmentation has been coloured by its importance in conservation issues at the landscape scale. Fragmentation of previously contiguous habitats has emerged as one of the major conservation problems of the present time. This process has transformed large areas of contiguous native vegetation into isolated remnants within a matrix of cultural vegetation.
The negative effects of forest fragmentation on birds has been well documented both in Australia (Catterall et al., 1997; Arnold & Weeldenburg, 1998; Mac Nally et al., 2000; Mac Nally & Horrocks 2002) and elsewhere (van Dorp & Opdam, 1987; Villard et al., 1995) . Several explanations have been proffered for these effects. Chief amongst these have been habitat area and isolation (Robbins et al., 1989; McCollin, 1993) , whether this be due to random sampling (Connor & McCoy, 1979) , dynamic equilibrium (MacArthur & Wilson, 1967) , habitat diversity (Williams, 1964) or some other factor. Regional forest cover has been invoked (Opdam et al., 1985) , as have habitat heterogeneity (Freemark & Merriam, 1986 ) and habitat quality (Barrett et al., 1994) , although the last can be difficult to differentiate from area, as small patches of habitat tend to be more degraded. Species richness of forest interior species has been shown to be more sensitive to forest fragmentation than overall species richness (Bellamy et al., 1996) , and individual species have also been shown to respond differently to fragmentation (Lynch & Whigham, 1984) .
Forest fragmentation may also alter the competitive environment. Ambuel & Temple (1983) found area-dependent changes in interspecific interactions in woodlots in Wisconsin. Edge and farmland species increased as woodlot area decreased, and competitively excluded forest-dwelling species. In Australia, the noisy miner (Manorina melanocephala Latham), an aggressive, colonially-nesting honeyeater, vigorously defends territories, and reduces bird species richness in edge habitats and eucalypt remnants from Queensland to Tasmania (Catterall et al., 1997; Dow,1977; Grey et al., 1997; Mac Nally & Horrocks, 2002) . The bell miner (M. melanophrys) displays similar behaviour (Clarke & Schedvin, 1999) , but is not found in Tasmania. An exotic species, the common starling (Sturnus vulgaris Linnaeus) has also been implicated in the decline of other species in Tasmania due to its use of tree hollows (Green, 1983) .
Habitat fragmentation has been especially dramatic in Australia, where changes that occurred in the Middle East and Europe as a result of human activities over a period of up to 11,000 years have occurred over only 200 years (Hobbs & Hopkins, 1990) . The Tasmanian Midlands, originally mostly grassy woodland and grasslands, was the location of the second rural European settlement in Australia. In the 175 years following European settlement, 83% of the native vegetation of the Midlands had been converted to extensive grazing country with some cropping (Fensham, 1989) . Forested land forms a highly fragmented part of the landscape, existing mostly in isolated remnants of variable habitat integrity (Kirkpatrick et al., 1988) .
The Midlands provide an ideal opportunity to examine the effects of habitat fragmentation on a relatively depauperate avifauna. Tasmania has only 104 resident land bird species, compared with 176 for Victoria, the nearest mainland state (excluding species found in habitats not present in Tasmania) (Thomas, 1974) . Anecdotal evidence suggests that exotic species, such as the laughing kookaburra (Dacelo novaeguineae Hermann) and the common blackbird (Turdus merula Linnaeus), and edge species, such as the Australian magpie (Gymnorhina tibicen Latham) and the noisy miner, are increasing in distribution and abundance. Eucalypt-dominated remnants in the study area have already been the subject of research into the condition of vegetation and the presence of rare and threatened plants (Kirkpatrick & Gilfedder, 1995; Gilfedder & Kirkpatrick, 1998) . The present study sought to determine whether bird species richness and distributions of bird species in eucalypt fragments in the Midlands are determined by (a) random sampling, (b) variability in remnant habitat, (c) the position of the remnant in the landscape, (d) interspecific competition, or (e) a combination of the last three.
MET HODS

Study area
Forty-seven remnants of eucalypt woodland or dry sclerophyll forest (at least 25 m distant from other forest) were sampled in the subhumid region of Tasmania (Fig. 1) . Remnant size ranged from 4 to 197 ha. Six control sites in large areas of eucalypt forest (590-7000 ha in extent) were also sampled in the same area. Apart from five sites in urban situations, the land use surrounding the remnants is extensive farming (mainly sheep) or cropping. The sites are between 41°30¢ and 43°00¢S, and between 10 and 450 m above sea level. Dominant tree species were Eucalyptus pauciflora (Sieber.), E. viminalis (Labill.), E. tenuiramis (Miq.) or E. amygdalina (Labill.). Geology was sandstone, mudstone, sand or dolerite. Most sites were on private land, with the exceptions of some semi-urban parks and the Tom Gibson Nature Reserve.
Bird surveys
A 100 m fixed-width strip transect method was used (Harden et al., 1986) . Transects were placed generally parallel to the longest axis of the remnant. Remnant transects crossed the remnant from one side to the other, while for practical reasons control transects started at one edge and ended up to 600 m into the extensive forested area. In order to allow for equivalent-area comparisons, transects were divided into 200 m lengths, creating 2 ha survey areas (henceforth known as segments).
Sites were surveyed by a single observer (M.M.) in winter, spring and autumn, beginning in June 1996 and ending in April 1998. Sites were surveyed a minimum of ten times; forty-three were surveyed twelve times. Half of the surveys were done within 2 h of sunrise, and the others were done in the afternoon. Surveys were not conducted in high winds or heavy rain. Transects were walked slowly, and survey times were proportional to transect length. Species were identified by sight or by call and it was noted within which segment each bird occurred. Birds flying above canopy height were not counted. The collared sparrowhawk (Accipiter cirrhocephalus Vieillot) and brown goshawk (A. fasciatus Vigors & Horsfield) were recorded as a single species due to the difficulty in differentiating them consistently in the field. Nomenclature follows Christidis & Boles (1994) .
Several response variables were derived from the survey data. Remnant species richness was the total number of species recorded from a transect over the 2 year sample period. Segment species richness was the sum of the total number of species in each 2 ha segment comprising a transect, divided by the number of segments in that transect. Bird abundance was the total number of birds recorded from a transect divided by the area of the strip transect (expressed as birds per hectare). Bird diversity was the Shannon-Wiener diversity index (Magurran, 1988) for a transect, derived from abundance data. Mean abundances (total abundance for a transect divided by the area of the transect) of widespread species were also used as response variables.
Environmental variables
Landscape context and climate Recent aerial photos of each site were examined to measure remnant area, remnant shape (remnant perimeter [m] divided by remnant area [ha] ), distance to nearest forest of 50þ and 500þ ha, the amount of forested cover within 2.5 km of the centre of the remnant, and an index of local forest fragmentation, which was the mean size of the forest fragments which made up that forested land within 2.5 km of the remnant centre. A qualitative variable recorded a rural or urban landscape context. Mean annual temperature, mean annual precipitation, precipitation in the driest quarter and precipitation in the wettest quarter were derived from Kirkpatrick & Gilfedder (1995) .
Floristics and vegetation structure Kirkpatrick & Gilfedder (1995) measured native and exotic plant species richness, and the ratio of exotic species to native species and placed remnants into floristic groups.
Along each transect, for all trees over 2 m tall, within 2.5 m of each transect, species, height, and diameter at breast height (d.b.h.) were recorded. From these, the following variables were derived: total stem density (of trees P 2 m tall) per hectare; stem density in the following d.b.h. classes (< 5 cm, 5-15 cm, 15-30 cm, 30-60 cm, > 60 cm); live non-eucalypt stems per hectare; maximum eucalypt canopy height; mean eucalypt canopy height; mean canopy height as a percentage of maximum canopy height; total basal area of stems per hectare; and basal area of trees divided by number of stems. The percentage of trees removed by logging was measured by Kirkpatrick & Gilfedder (1995) .
Other variables
Tree health was recorded for the trees within 2.5 m of the transects. Eucalypt dieback (Heatwole & Lowman, 1986) was measured according to an ordinal scale (1 ¼ healthy tree, 2 ¼ some dead branches in crown but mostly healthy, 3 ¼ many dead branches in crown but reasonably healthy, 4 ¼ many dead branches in crown, poor condition but no epicormic shoots, 5 ¼ tree with some epicormic shoots, 6 ¼ tree with only epicormic shoots). A mean dieback score was derived for each remnant. The percentage of dead trees (eucalypt or otherwise) and those with epicormic shoots were also measured. The class variables, age of the isolation of the remnant in its shape in 1993, the time since fire and stocking rate were obtained from the data set of Kirkpatrick & Gilfedder (1995) . This age variable was in three classes: older than 40 years, 10-40 years old, less than 10 years old. Densities of noisy miners were used as independent variables except for analyses involving the distribution and abundance of that species.
Statistical analyses
Classification
Ward's method (using Euclidean distance) was used to agglomeratively classify the avifauna of the remnants and control sites into communities on the basis of abundance data (Minitab Inc, 1997) . t-tests were used to compare the means of response variable and independent variables between the derived communities (excluding control sites). Where these variables violated assumptions of the t-test, the non-parametric Mann-Whitney U-test was used. Chi-squared analysis was used to test the significance of differences between expected and observed values for bird communities against ordinal independent variables. ANOVA was used to test variation in response variables against ordinal data.
Ordination
Abundance data were used to ordinate the remnants and control sites using non-metric multidimensional scaling, with the default options in DECODA (Minchin, 1988) . This was done both with and without the noisy miner abundance data. Vectors for all independent variables, including noisy miner abundance, were fitted to the three-dimensional ordination space for the data set lacking noisy miner abundance (minimum stress ¼ 0.067711) following the default procedures in DECODA.
Response variable predictors A correlation matrix was used to select the independent variable with the strongest relationship with any response variable. This and other strong relationships were plotted to determine whether transformation of the independent variable would improve the relationship. The residuals from a regression of the strongest relationship were used as a response variable in iterations of this procedure until no significant correlation was evident. The variables that had significant correlations in any iteration, and class variables that showed a significant relationship with the response variable were then used in a 'best subsets' analysis in Minitab 13 for Windows (Minitab Inc, 1997) . This analysis shows the two multiple regression models with the highest level of explanation for each number of independent variables. The model with the highest adjusted R 2 was accepted if all components of the model and the model itself, except the slope of the constant, were significant, and the residuals distributed, at least approximately, normally. If this was not the case, models with successively lower levels of adjusted R 2 were examined until one or none satisfied these criteria. If class variables were included in any of the models tested in this process, generalized linear modelling, rather than multiple regression was used, with continuous variables as covariates.
Ecological conclusions drawn from multiple regression analyses suffer the risk that the proximal causal variables may be masked by surrogates, because of the interaction of colinearity with different levels of measurement accuracy. One method that has been used to partly mitigate this problem is hierarchical partitioning (Chevan & Sunderland, 1991) . This approach is unsuitable for the inclusion of class variables in modelling, so was not used. In any case, we adopt another approach to the same problem -exploration of the relationships between all dependent variables and independent variables, and between all independent variables (Fig. 2 ). Strong relationships (P < 0.001) were found between the area and the perimeter/area ratio, the species richness parameters, remnant isolation parameters, precipitation variables, vegetation structural variables, and the dieback variables. Strong relationships (P < 0.001) were also found between surrounding land use and the plant species richness variables and the recency of fire. The time since fire was also strongly related to the density of smaller stems and the number of exotic plant species. Stocking rate was also strongly related to some vegetation structural variables (Fig. 2) . 
RESU L TS Species composition
Sixty-one taxa of bird were recorded within the remnants and controls, including seven endemic and five exotic species. Remnant species richness ranged from 7 to 36, with a mean of 21.5 AE 8.5 and a median of 21. Examination of species accumulation curves showed that in the final sample period an average of only 0.8 AE 1.2 new species were recorded. Remnant bird diversity ranged from 0.58 to 1.28, averaging 0.96 AE 0.20 and with a median of 0.98. Segment species richness ranged from 2.9 to 9.2 per segment (2 ha), with a mean of 5.0 AE 1.6 and a median of 4.8. Bird abundance ranged from 3.65 to 12.76 birds per hectare, with a mean of 7.9 AE 3.1 and a median of 7.1.
No species was restricted to control sites. The common starling was recorded from all remnants and control sites, and it was also the most abundant species over the whole study. The noisy miner was present in colonies and was frequently observed vigorously chasing and mobbing other bird species. Other widespread species included the forest raven (Corvus tasmanicus Mathews), which was recorded from every remnant, the striated pardalote (Pardalotus striatus Gmelin), grey butcherbird (Cracticus torquatus Latham), Australian magpie, laughing kookaburra, green rosella (Playcercus caledonicus Gmelin) and eastern rosella (P. eximius Shaw). This distribution was not always reflected in abundance; species such as the grey butcherbird and forest raven tended to be present in small numbers. Other species, notably the brown thornbill (Acanthiza pusilla Shaw) and grey fantail (Rhipidura fuliginosa Sparrman) were more restricted in their distribution, but were abundant where present.
Two communities were chosen from the classificatory analysis on the basis of a break of slope in the similarity values. The two-dimensional ordination solution (including noisy miner abundance) was consistent with this division (Fig. 3) . Community One, present in twenty-three remnants and one control transect, was dominated by noisy miners. Few other species were abundant, and these tended to be large species characteristic of edges and woodlands, such as the laughing kookaburra, Australian magpie, eastern rosella and grey butcherbird. Community Two was present in twenty-four remnants and in the remaining five control sites. The edge species mentioned above were present in Community Two, but they were less dominant, being mostly confined to the edges of larger remnants or occurring infrequently. Instead, a suite of small insectivorous birds formed the bulk of the avifauna.
Remnant species richness and diversity differed significantly between the two communities, as did several continuous environmental variables (Table 1) . Remnant species richness for Community Two was almost twice as high as for Community One. Remnant area and shape distinguished the communities, while measures of isolation and age did not. Of sixteen remnants smaller than 20 ha, only three did not support Community One, and two of these had very dense understoreys (Beyeria viscosa Labill. in one case, Ulex europaeus L. in the other). Of twenty-three remnants larger than 30 ha, all but five supported Community Two. Those that supported Community One had very open understoreys. Of the eight remnants 20-30 ha in size five supported Community One and three Community Two, and again understorey density distinguished the communities. The strong relationship between remnant area and bird community distribution, and the relationship between both these and bird species richness, suggest the presence of a size threshold of 20-30 ha (Fig. 4) .
The relationship between vegetation structure and the distribution of bird communities is further emphasized by the significant differences in stem density (overall and in several d.b.h. classes) and in basal area divided by number of stems. Other continuous variables that differed significantly between the communities were scores related to dieback and tree removal by logging, both of which indicate remnant condition (Table 1) . Community Two included all the urban remnants (v 2 ¼ 5.36, P < 0.05). The vector with the highest R in the three-dimensional ordination space for the data set without noisy miner abundance was (R ¼ 0.7799, P < 0.001). Other variables with R values that were significant at P < 0.001 were the number of stems per hectare Bird species richness, diversity and abundance
The model for remnant bird species richness had a negative effect from noisy miner abundance and a positive effect from remnant area ( Table 2 , Fig. 5 ). Bird diversity was similarly explained by these two variables, but the model also contained positive effects from percentage logging, non-eucalypt stem density and the mean area of all remnants within 2.5 km. The model for segment species richness also had a negative component from noisy miner abundance, but precipitation in the wettest quarter was the most significant predictor (positive). Precipitation in the driest quarter was also a significant predictor (negative), as was percentage logging (positive). For all three of these response variables the models derived from multiple regression explained large amounts of the variation. The model for bird abundance explained less (38.4%). Two precipitation variables were positive within the model, while dieback was negative.
Bird species' abundances
Of the twenty-eight sufficiently abundant species that could be satisfactorily modelled, fifteen had vegetation structural variables in their models, thirteen had noisy miner abundance in their models, ten had climatic variables in their models, seven had remnant isolation variables in their models, six had vascular plant species richness or composition variables in their models, six had remnant area in their models, five had disturbance variables in their models, four had surrounding land use in their models, and two had remnant shape in their models (Tables 2, 3 ). The most explanatory of the variables was noisy miner abundance in eight cases, vegetation structure in five cases, isolation in five cases, area in four cases, surrounding land use in four cases, climate in two cases, and disturbance variables and plant species attributes in one case each (Table 3) . In three models noisy miner abundance was both positive and had the strongest relationship (Table 3) . STH ¼ stem density; STO ¼ stock rate; SUR ¼ rural or urban matrix; TEM -Mean annual temperature. Variables in brackets are class variables that were significant in generalized linear models with continuous variables as covariates (in these cases R 2 is from the best subsets analysis), all other models are multiple regression. 2 sr ¼ square-root transformed, log ¼ log-transformed. 3 * P < 0.05, ** P < 0.01, *** P < 0.001.
DI SCUSSION
The suite of bird species recorded is normal for dry sclerophyll forest and eucalypt woodland in Tasmania (Bosworth, 1976; Dickinson et al., 1986) . Of dry eucalypt forest and woodland species, only the satin flycatcher (Myiagra cyanoleuca Vieillot) might have been expected to be recorded and was not.
The striking differences between the two communities identified contrasts with the results of Recher et al. (1991) in southeastern New South Wales, where the avifauna did not form discrete communities, and where noisy miners were not present. Rather than a gradual change in species composition, as may have been expected if species were responding individually to habitat gradients, there is a sharp break that is clearly apparent in the field. This break suggests that a threshold, or thresholds, have altered the direction of species composition on these sites. Noisy miner abundance was also the best linear predictor of bird species composition in the ordination of the data set that excluded the species. The results of our study reinforce the conclusions of other authors that noisy miners influence bird species composition, richness and diversity by aggressive exclusion (Loyn et al., 1983; Er, 1997; Grey et al., 1998; Mac Nally et al., 2000; Major et al., 2001; MacNally & Horrocks, 2002) .
The ability of noisy miners to exclude other birds from remnants appears to depend on the existence of a vegetation structure that denies their victims shelter. Thus, relatively large remnants with very open understoreys fall into Community One, and relatively small remnants with dense understoreys fall into Community Two, and the model for the noisy miner includes negative effects of both remnant area and the number of stems per hectare, 5-15 cm d.b.h.. The species composition of Community One is very similar to that recorded in dieback-affected eucalypt woodland in New England by Ford & Bell (1981) . However, the evidence that noisy miners cause tree dieback is still circumstantial (Grey et al., 1998) . What does seem certain is that dieback and understorey loss provide a habitat that suits noisy miners, and that noisy miners are then a major agent in changing bird species composition.
The noisy miner and its congeneric, the bell miner (Clarke & Schedvin, 1999) , may be without parallel elsewhere in the world, but altered biotic interaction as a result of forest fragmentation has been observed in north-eastern North America, where the brown-headed cowbird ( Molothrus ater Boddaert) has expanded its range, and is threatening songbird populations (Mayfield, 1977; Brittingham & Temple, 1983; Robinson et al., 1995) .
The presence of a remnant size threshold (20-30 ha in the present study) for bird species richness and composition is consistent with the results of similar studies, although the threshold size varies. In more humid areas than those sampled in the present study, Loyn (1987), in Victoria, and Catterall et al. (1997) , in south-eastern Queensland, noted a forest patch size threshold of around 10 ha. In the drier box ironbark forests of Victoria, Mac Nally & Horrocks (2002) suggested a threshold of 40 ha, associated with the attenuation of abundance of noisy miners. These figures indicate that thresholds may decrease in area with increasing forest productivity. Forest patch size thresholds have also been documented in Europe (Cieslak & Dombrovski, 1993) and in North America, where forest-interior migrants were almost never found in forests less than 24 ha (Blake & Karr, 1984) .
Noisy miner abundance is far from being the only variable that explains variation in bird species composition, richness, diversity and abundance in subhumid vegetation remnants in Tasmania. Vegetation structural variables were found in most models and constituted most of the variables significantly linearly varying in ordination space. Of the seventeen models that included structural variables, only six included noisy miner abundance, and half of the modelled species appeared uninfluenced by noisy miners. Different structural variables were related to the abundance of different species, reflecting well-known habitat preferences (Thomas, 1974) . Floristic attributes of the vegetation also contributed to models, with the crescent honeyeater (Phylidonyris pyrrhoptera Latham) favoured by high native plant species richness, the yellow wattlebird (Anthochaera paradoxa Daudin) and spotted pardalote (Pardalotus punctatus Shaw) favouring particular floristic communities, and the sulphurcrested cockatoo (Cacatua galerita Latham) and common starling favoured by low native plant species richness. A strong influence of both vegetation structure and floristics on bird communities has been previously described for Victoria (Mac Nally, 1990) .
The relationship between area and bird species richness in subhumid Tasmania is the classical 'richness ¼ log area' for remnants in Community Two, and imperceptible in Community One (Fig. 4) . Over 20 ha, there is no strong tendency for increasing remnant bird species richness in Community Two (Fig. 4) . In the most comparable study to ours, Mac Nally & Horrocks (2002) found that bird species richness in box ironbark forests was most strongly influenced by remnant area, noisy miner density and habitat structure. They did not provide data for individual species responses to variation in habitat structure or noisy miner abundance, but did provide data on the influence of remnant area. Of the six species that had area in their model in the present study, two were not analysed by Mac Nally and Horrocks (2002), while the other four showed the same response to area in both studies, positive in the cases of the brown thornbill, scarlet robin (Petroica multicolor Gmelin) and striated pardalote, and negative in the case of the noisy miner.
Isolation proved to strongly influence the abundance of seven bird species and bird diversity. The superb fairy wren (Malurus cyaneus Latham) and grey currawong (Strepera versicolor Latham) became more abundant with increased isolation from other forest, while the common bronzewing (Phaps chalcoptera Latham), the forest raven, the green rosella, the grey fantail and the sulphur-crested cockatoo became less abundant. Diversity declined with increasing isolation.
The models for total bird abundance and segment species richness are strongly influenced by precipitation. Thus, it seems that, where remnant productivity is higher, bird abundance is greater, and this corresponds to higher segment species richness. Ten species models included climatic variables, but for only two species, the golden whistler (Pachycephala pectoralis Latham), which occurred in the areas with higher winter rainfall, and the superb fairy-wren, which favoured the more Mediterranean climates of northern Tasmania to the seasonally even rainfall of south-eastern Tasmania, did climatic variables provide the highest level of explanation. While age of the remnant had no influence on any of the dependent variables, suggesting that the process of relaxation has not occurred over forty years, the history of land use in the remnants appears to have had some strong influences. A history of logging contributed positively to the models for segment species richness, diversity and the grey butcherbird and negatively to the model for the grey fantail. Total abundance, avian species composition, the spotted pardalote and the crescent honeyeater are all reduced by increased unhealthiness of trees, while the laughing kookaburra is positively associated with dead trees.
The nature of the modification of the matrix of the remnants also has a strong influence on bird species composition. The silvereye (Zosterops lateralis Latham), yellow wattlebird, the black-faced cuckoo shrike (Coracina novaehollandiae Gmelin) and the pallid cuckoo (Cuculus pallidus Latham) all had models that demonstrated a strong influence of matrix. They are all markedly more abundant in urban than in rural remnants, possibly a product of year round resource availability from domestic gardens.
The shape of remnants, as indicated by the perimeter/area ratio, had a strong linear vector in ordination space and was incorporated in the models for the Australian magpie and the eastern rosella, which, as woodland birds, were found where values were large.
Temperate eucalypt woodlands have suffered disproportionately from the introduction of European agricultural methods to Australia and woodland remnants face conservation problems separate from those affecting birds (Yates & Hobbs, 1997) . The occurrence of endangered plant species has been shown to be unrelated to general remnant condition (Kirkpatrick & Gilfedder, 1995) and these species may require specific management that must take precedence over any efforts to improve habitat for non-threatened birds. It appears that the reduction of the area of remnants, an increase in the proportion of trees logged and dying back, and the absence of a small tree layer, all at least partial symptoms of disturbance by humans, may cause a conversion of the avifauna of remnants from species rich to species poor, and cause a change in species composition. The establishment of noisy miner colonies in degraded areas may be a response to a threshold in size and degradation, which their aggression towards smaller birds makes more distinct than might otherwise be the case. The management implications are obvious: reduce grazing pressure sufficiently to allow regeneration of the understorey and overstorey; cease cutting. Restoration to reduce forest isolation is likely to increase the populations of a few bird species, as will increasing the area of remnants. These are expensive options to adopt to increase the populations of a few non-threatened bird species. Money spent on conservation would be more effectively used to secure the remaining larger remnants, which are suffering ongoing attrition.
If area and isolation are regarded as the drivers of fragmentation impacts, only twelve out of our twenty-eight modelled species exhibit a fragmentation response, along with remnant species richness, diversity and composition, but not segment species richness or abundance. If noisy miner abundance is regarded as a symptom of fragmentation, then only eight species and abundance are unaffected by the process.
Our results indicate that bird species and synthetic variables have highly individualistic responses to fragmentation, some of which conform to almost all theories related to its impacts, the major exception being a lack of evidence of any relaxation, as in the box ironbark study of Mac Nally & Horrocks (2002) . One aspect of the impacts of fragmentation that has not been specifically addressed to any great extent in the literature (Gascon et al., 1999; Lindenmayer et al., 2002) , yet is important for some Tasmanian species, is the nature of the matrix. Our urban and rural remnants have dramatically different resources in their matrix, so are an extreme case. It may be that less extreme differences between matrices, such as that between improved pasture and cropland may also affect the impacts of fragmentation on birds. 
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